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REPAIR OF SEMICONDUCTOR MEMORY 
DEVICE VIA EXTERNAL COMMAND 

BACKGROUND OF THE INVENTION 

The present invention relates to semiconductor memory 
integrated circuit devices, such as dynamic random access 
memory (DRAM) devices, and more particularly to repairing 
a memory device When it is deployed in a memory module in 
a computing system. 

With the increasing density of memory modules, such as 
dual in-line memory modules (DIMMs), sparse failures of the 
DRAM chips that make up the memory modules become an 
increasing economic concern for the memory manufacturer. 
At the same time, computer system manufacturers of large 
server computers face an increasing challenge in achieving 
the desired reliability of their systems With ever-increasing 
memory capacities. Currently, computer systems collect fail 
addresses (via failure scrubbing and error correction logs) but 
they do not repair failing addresses until the entire memory 
module With the affected memory device is exchanged during 
the next maintenance doWntime. 

Therefore, the capability of an in-situ repair of faulty 
memory addresses While the system is running Would be 
highly bene?cial to both memory manufacturers and system 
manufacturers . 

SUMMARY OF THE INVENTION 

Brie?y, a semiconductor integrated circuit memory device 
is repaired by receiving an extemally-supplied signal contain 
ing failure address information that identi?es at least one roW 
or column of memory cells in the memory device that has a 
failure. The extemally-supplied signal contains failure infor 
mation derived from error correction or other failure logs. The 
failure information is stored in the memory device and used 
for comparison against an incoming memory request. If a 
match is detected betWeen the failure information and the 
incoming memory request, then a redundant roW or column is 
used for the memory access request. The repair feature may 
be performed during poWer up of the memory device, or 
normal operation may interrupted by a repair command that 
places the memory device in a standby mode for the repair. 
The failure information may be transferred to a latch in the 
memory device as part of a fuse bank scanning process in 
Which failure address information knoWn at the time of manu 
facturer is burned into one or more fuse banks. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a memory device according to 
the invention. 

FIG. 2 is a How diagram depicting operation of the inven 
tion. 

FIG. 3 is a How chart according to a ?rst embodiment of the 
invention. 

FIG. 4 is a How chart according to a second embodiment of 
the invention. 

FIG. 5 is a How chart according to a third embodiment of 
the invention. 

FIG. 6 is a block diagram shoWing the invention in the 
context of a memory module. 

DETAILED DESCRIPTION 

Referring ?rst to FIG. 1, a semiconductor memory inte 
grated circuit (IC) device is shoWn at reference numeral 10 
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2 
comprising a plurality of address lines 12 and a plurality of 
data lines 14. In the memory device 10, there is at least one 
fuse bank 20 and an associated fuse latch 22. It should be 
understood that, While FIG. 1 shoWs a single fuse bank 20 and 
fuse latch 22, in most memory device applications, there are 
multiple fuse banks and associated fuse latches. For simplic 
ity, only one of each is shoWn. In addition, there is a failure 
address latch 30 and comparison logic circuitry 40. 

According to the invention, an external repair command is 
provided to alloW for a system user to supply failure infor 
mation to the memory device 10 and issue a repair command. 
The failure information is supplied to the memory device 10 
at the address lines or pins 12, and optionally at the data pins 
or DQs 14 as Well, and stored in the failure address latch 30. 
Similarly, failure information determined in the ?nal stages of 
manufacturer of the memory device 10 is stored in the fuse 
bank, and latched into the fuse latch 22 at system poWer up. 
Then, during normal memory access operations, the compari 
son logic circuitry 40 compares the incoming address 
requests With both the failure information stored in the fuse 
latch 22 and the failure address information stored in the 
address latch 30 in order to access redundant memory cells 
When there is a match. Latches 22 and 30 may be the same 
type of electrical element. As is knoWn in the art, latches are 
a type of fast logic circuitry typically formed of transistors 
arranged in a ?ip-?op con?guration to store data as long as 
poWer is applied to the chips. 
The externally supplied failure address information may be 

derived from error correction and address failure logs accu 
mulated by the host computer system as is knoWn in the art. 
After the externally supplied failure information is loaded 
into the memory device, the memory device Would appear 
perfect to the system after the repair by virtue of the operation 
of the comparison logic circuitry 40. Consequently, this 
Would mean that in less expensive computer systems, non 
perfect memory ICs could be used, and in high performance 
computer systems, reliability can be improved. Repairing the 
memory device so as to look “perfect” to the system may be 
preferable to re-mapping failing addresses during operation 
on the controller or CPU level With respect to impact on 
system performance. For backWards compatibility, the repair 
command has to be a command Which is illegal or reserved in 
today’s memory applications. This could most easily be 
achieved by coupling the issuing of the repair command to an 
extended mode register setting. 

Turning to FIG. 2, the invention is described in greater 
detail. Some memory devices, such as DRAMs, repair fail 
ures via spare or redundant roWs. It is to be desirable to 
distinguish betWeen a roW repair and a column repair via tWo 
different repair commands. This Would enable the user to 
furnish all failure address information back to the memory 
device Within one cycle by applying the failure address to the 
address bus of the memory device, as also indicated in FIG. 1. 
The address lines 12 are coupled to address receivers 26 and 
the DQs 14 are coupled to DQ receivers 28. Some memory 
redundancy may replace cells corresponding to only a subset 
of the DQs 12 of the memory device 10. In this case, the 
system user may also apply signals to the DQs 12 of the 
memory device 10 to indicate Which DQs are failing. The 
failure information may consist of an address supplied on the 
address lines 12 and, if it is desired to identify the particular 
cell or cells that require repair, then the corresponding DQ 
speci?c failure information may be supplied on the DQs 14. 
For example, a particular memory cell in the memory array 
may be identi?ed by the combination of failure address infor 
mation (identifying a roW or column) together With failure 
DQ information. The failure DQ information may consist of 
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a pre-de?ned signal supplied to the DQs 12 such that a failing 
DQ is identi?ed With a logic one applied thereto and a passing 
or normally functioning DQ is identi?ed With a logic Zero. 

According to one embodiment, a technique that is back 
Wards compatible With existing memory devices and does not 
involve the de?nition of a neW command is as folloWs. Some 
memory devices, such as DRAMs, perform a scan of the fuse 
banks at poWer up in order to capture and store the state of all 
fuses (laser or electrical) into latches for fast processing of the 
information during operation. This so-called fuse pulse trav 
els around the chip scanning all existing fuses. This invention 
proposes to extend the fuse pulse to also scan the address pins 
and DQs of the memory device and treat this information as a 
repair request for a column or roW address (or DQs to identify 
particular cells) as shoWn in FIGS. 1 and 2. For the failed 
memory addresses (or cells) identi?ed via the external com 
mand or signal, dedicated roW or column redundancy may be 
used to replace the original (but noW failing) memory array 
cells corresponding to the failure information. This Will alloW 
the system to distinguish betWeen cells that Were determined 
to be failing at manufacture versus cells that Were determined 
to be failing after the memory device has been deployed and 
is in use. 

Reference is noW made to FIG. 3 that shoWs a repair pro 
cess 100 that Will be explained in conjunction With FIG. 2. In 
step 110, When the system in Which the memory device is 
poWering up, a short time interval is set aside during Which 
failure information is supplied to the device 10 at the address 
lines or DQs as shoWn in FIG. 2. For example, the system 
applies a 200 ps stable clock to the memory components after 
all external voltages have been stabiliZed. Typically, the exter 
nal supply voltage and the main internal voltage of the 
memory component are ready for operation very early in the 
poWer-up process. Therefore, the address and DQ receivers 
26 and 28, respectively, and latches 22 and 30 Will operate 
correctly even if other internal voltages are not yet at their 
correct levels. This provides an ample time WindoW to apply 
the failure address information and add them internally to the 
fuse information for the dedicated redundancy elements. 

Next, in step 120, the fuse pulse is scanned across the fuse 
banks, e.g., fuse bank 20, and across the address lines 12, and 
optionally the DQs 14, to capture the failure information. In 
step 130, the externally supplied failure information is stored 
in the latch 30. The failure information from the fuse bank 20 
is stored in the fuse latch 22. Next, during normal system 
operation, the comparison logic 40 compares an incoming 
address request (roW or column) With the failure information 
from the fuse latch 22 and latch 30. In step 150, if there is a 
match, then a redundant roW or column is accessed instead of 
the incoming requested address. In particular, if there is a 
match betWeen the incoming address request and the failure 
information stored in latch 30, one of the dedicated roWs or 
columns is used instead of the address in the incoming 
address request. If there is a match betWeen the incoming 
address request and address information stored in a fuse bank, 
then one of the non-dedicated roWs or columns is used. On the 
other hand, if there is no match betWeen the incoming address 
request and the failure information, then the memory address 
contained in the incoming request is used. The term “match” 
means, in this case of the techniques described herein, that the 
incoming memory request is for a roW or column that contains 
at least one failing storage cell. 

This process 100 is completely transparent to current 
JEDEC standards. If the system user does not Wish to replace 
an externally provided memory address, the memory device 
Would just replace Whatever address happens to be applied in 
the fuse banks at poWer up. This Will not cause any harm to the 
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4 
functionality of the memory device. HoWever, a limitation of 
the process 100 is that the time interval during system poWer 
up is likely only long enough to alloW for a single address to 
be applied and stored in the latch 30. 

Turning to FIG. 4, a process 200 is provided that involves 
a special repair command but may alloW for supplying more 
failure information to the memory than the process shoWn in 
FIG. 3. In step 210, a special repair command is supplied to 
the memory device to put it in a standby or repair mode. Then, 
While in this standby mode, in step 220, failure information is 
supplied to the address lines and DQs. In step 230, the scan 
pulse is issued to scan the fuse bank, the address lines and the 
DQs to capture failure information as described above in 
connection With FIGS. 2 and 3. Next, in step 240, the captured 
failure information is stored in a latch or other storage loca 
tion. Steps 230 and 240 are repeated during subsequent dedi 
cated time slots to capture one failure address during each 
time slot until all of the failure information is captured, or 
until no further time slots are available. Because several fail 
ure addresses may be supplied to the memory device, there 
may be several latches each of Which stores a failure address. 

Steps 250 and 260 are performed during normal operation 
to compare incoming address requests With the failure infor 
mation and permit access to the incoming address request if 
there is not a match, and otherWise direct access to a redun 
dant (dedicated or non-dedicated) roW or column if there is a 
match. 

In step 270, the failure information may be transferred to a 
more permanent storage. For example, in response to a failure 
store command, the information in the latches is transferred to 
other storage on chip, such as electronic-fuses, to electroni 
cally erasable programmable read only memory (EEPROM) 
on the memory module, or to other permanent system 
memory, such as a hard drive storage device. 
The process 200 may require changes to certain device 

standards, such as the JEDEC standard (e.g. de?nition of neW 
commands, feedback of repair success information to the 
controller or tester device, etc.). Nevertheless, an added ben 
e?t of providing a user repair command is that the user can 
restore fuse information on the memory device Without poW 
ering doWn the system and restarting it. 

Before resuming normal memory operation, the data from 
the normal memory array is copied to the dedicated redundant 
columns or roWs. The sequence of events then becomes: read 
content from failed memory elements; perform error correc 
tion on the data read from the memory elements and store the 
error-corrected data to a temporary storage location (e. g., 
Working memory elements or a hard disk); put memory 
device into standby mode; repair the memory using the pro 
cess shoWn in FIG. 4, Write the corrected data back to memory 
so that the data is Written to dedicated redundant memory 
elements; and resume normal operation. 
As still a further variation on the embodiment shoWn in 

FIG. 4, the memory device may be designed With dedicated 
logic to receive and store externally supplied failure informa 
tion for processing against an incoming address request. 

Turning to FIG. 5, still another aspect of the invention Will 
be described. It is possible that the failure information stored 
in the fuse latches may become corrupted or destroyed caused 
by alpha particles hitting the fuse latches. Accordingly, a 
process 300 is provided to restore the information stored in 
the fuses. In step 310, errors associated With accessing 
memory cells are monitored in order to detect When and if 
there are substantial errors that cannot be overcome by error 
correction techniques. Such errors may be called catastrophic 
errors. In the event a catastrophic error condition is detected 
in step 310, then in step 320, the system is put in a standby 
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mode during Which time all data stored in the memory device 
is maintained as is; no further Writing occurs. The command 
to put the memory device in standby may be an extemally 
supplied command that is made after a system user (or appli 
cation) is informed of the condition and a system user has 
indicated the desire to initiate the standby mode and re-issue 
the fuse pulse. Next, in step 330, the fuse pulse is re-issued to 
scan across the fuse banks and thereby restore the failure 
address information contained in the fuse banks to corre 
sponding fuse latches. Then, in step 340, normal system 
operation is resumed With the restored failure address infor 
mation (from the fuse banks) and a read of the memory device 
is attempted. The process 300 may not guarantee a fully 
successful recovery, but is su?icient to deal With at least 
short-term contamination issues. This process 300 also gives 
a system user a Way of dealing With certain causes of cata 
strophic errors that may be caused by cosmic rays and in 
many cases the error is fully recoverable because the correct 
information stored in the redundant elements of the memory 
device is still available as long as no Write access Was in 
progress When the catastrophic failure event occurred. The 
data may be copied (and error-corrected) into other memory 
on a temporary basis prior to performing the restore process. 

The techniques described herein alloW for use of memory 
With knoWn failed addresses (Which is much cheaper than 
perfect memory) and/or the system user could improve the 
reliability of the system by constantly repairing addresses 
appearing in the failure logs. By repairing failures as they 
occur, system reliability is improved. 

The techniques described herein may be extended to 
repairing cells on one or more memory chips on a memory 

module. FIG. 6 shoWs a memory module 400 comprising a 
plurality of memory lCs 10(1), 10(2) . . . , 10(4). On the 
memory module 400, each memory chip can be uniquely 
identi?ed by the chip select (CS) signal and the DQs Which 
that memory chip serves. One of the memory lCs can be 
selected based on DQ-speci?c failure information and the CS 
signal so that the failure address information supplied to the 
address lines is processed by the appropriate one of the 
memory lCs. Moreover, the DQ-speci?c failure information 
can be used by a memory IC, in combination failure address 
information, to make repairs doWn to the cell level. To make 
a repair, the CS signal to the memory module 400 is made 
high, failure address information is supplied to the address 
pins 12, and DQ-speci?c failure information is supplied to the 
DQs. For example, the DQ-speci?c failure information may 
comprise a pre-de?ned signal, e.g., all failing DQIlogical one 
and all passing DQIlogical Zero, and the memory compo 
nents accept the failure information into its latches similar to 
the techniques described above in conjunction With FIGS. 2 
and 3. It should be understood by those With ordinary skill in 
the art that these techniques may be extended to providing 
failure information consisting of a failure address (roW, col 
umn), bank identi?er and DQ so as to identify a particular 
memory cell in a large memory array netWork. 

The system and methods described herein may be embod 
ied in other speci?c forms Without departing from the spirit or 
essential characteristics thereof. The foregoing embodiments 
are therefore to be considered in all respects illustrative and 
not meant to be limiting. 
What is claimed is: 
1. A method for repairing an integrated circuit memory 

device comprising: 
receiving at address pins of the memory device an exter 

nally-supplied signal containing failure information that 
identi?es at least a roW or column of memory cells in the 
memory device that has a failure, Wherein the failure 

10 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
information is derived from monitoring the memory 
device during normal operation of a host computer sys 
tem that uses the memory device; and 

performing memory access operations of the memory 
device during normal operation using at least one of a 
redundant roW of memory cells and a redundant column 
of memory cells in the memory device on the basis of the 
received externally-supplied signal to repair the memory 
device. 

2. The method of claim 1, Wherein receiving comprises 
receiving a bit pattern supplied to address pins of the memory 
device, Wherein the bit pattern identi?es the roW or column 
that has a failure; and further comprising storing the bit pat 
tern for use in comparison against an address in an incoming 
address request. 

3. The method of claim 2, and further comprising scanning 
a fuse pulse across the address pins to Which the bit pattern is 
supplied to transfer the bit pattern to a latch. 

4. The method of claim 1, Wherein receiving comprises 
receiving failure information comprising at least one address 
containing a failure and at least one data line for that address 
that has a failure. 

5. The method of claim 4, Wherein receiving comprises 
receiving failure information comprising at least one address 
on a memory module comprising a plurality of memory 
devices and at least one data line for that address that has a 
failure among a plurality of data lines that span the plurality of 
memory devices on the memory module. 

6. The method of claim 1, Wherein receiving is performed 
during a time interval at poWer up of the memory device. 

7. The method of claim 1, Wherein receiving is performed 
during a standby mode initiated by a repair command sup 
plied to the memory device, and is repeated to obtain failure 
information for each of a plurality of roWs or columns having 
a failure. 

8. The method of claim 1, Wherein receiving comprises 
receiving the failure information Which is derived from moni 
toring operation of the memory device in a host computer 
system. 

9. An integrated circuit memory device, comprising: 
at least one fuse bank that stores failure information and at 

least one fuse latch that latches the failure information 
stored in the at least one fuse bank When a fuse pulse is 
scanned across the at least one fuse bank: 

a latch coupled to address pins of the device, Wherein the 
latch stores failure information included in an externally 
supplied command that is coupled to the address pins of 
the device, Wherein the failure information identi?es at 
least a roW or column of memory cells in the device that 
has a failure, Wherein the latch stores the failure infor 
mation contained in the externally supplied command 
When the fuse pulse that is scanned across the at least one 
fuse bank is also scanned across the address pins of the 
memory device. 

10. The device of claim 9, and further comprising a com 
parison circuit coupled to the latch that compares an incom 
ing address request to the memory With the failure informa 
tion so as to cause access of a redundant roW or column if 

there is a match. 

11. The device of claim 9, Wherein the latch further stores 
information supplied to data lines of the device that identi?es 
at least one failing memory cell at an address corresponding 
to the failure information supplied to the address pin. 

12. The device of claim 9, Wherein the latch stores the 
failure information Which is derived from monitoring opera 
tion of the device in a host computer system. 
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13. A method for repairing an integrated circuit memory 
device comprising: 

?rst scanning a fuse pulse across at least one fuse bank to 
transfer failure information contained in the fuse bank to 
at least one fuse latch; and 

second scanning the fuse pulse across address pins to 
Which is supplied an external signal containing addi 
tional failure information to transfer the additional fail 
ure information to a latch. 

14. The method of claim 13, and further comprising third 
scanning the fuse pulse across data lines of the memory 
device to Which is supplied a signal indicating at least one 
data line that is failing at the address represented by the signal 
supplied to the address pins. 

15. The method of claim 13, Wherein said second scanning 
is repeated across the address pins to obtain failure informa 
tion representing each of a plurality of roWs or columns 
having failures. 

16. The method of claim 13, and further comprising: 
comparing the failure information With an incoming 

address request to the memory device; and 
accessing a redundant memory cell if the incoming address 

request matches the failure information. 
17. The method of claim 16, and further comprising: 
assigning dedicated redundant roWs and columns for roWs 

or columns having failures that are represented by the 
additional failure information contained in the exter 
nally-supplied signal; and 

Wherein accessing comprises accessing one of said dedi 
cated roWs and columns With the incoming address 
request matches the additional failure information. 

18. The method of claim 17, Wherein accessing comprises 
accessing a redundant roW or column, different from said 
dedicated roWs and columns, When the incoming address 
request matches failure address information derived from 
information contained in one or more fuse banks in the 
memory device. 

19. The method of claim 13, Wherein the additional failure 
information is derived from monitoring operation of the 
memory device in a host computer system. 

20. A method for restoring failure address information 
contained in a fuse bank of a memory device, comprising: 

monitoring the memory device during normal operation of 
a host computer system that uses the memory device to 
determine When substantial errors are occurring in con 
nection With a roW or column of memory cells; 

in response to detecting said substantial errors, placing the 
device in a standby mode; and 
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scanning a fuse pulse across the fuse bank to transfer and 

restore failure information contained in the fuse bank to 
a fuse latch. 

21. The method of claim 20, Wherein placing is further 
responsive to an extemally-supplied command. 

22. The method of claim 20, Wherein monitoring com 
prises monitoring operation of the memory device in a host 
computer system, and further comprising: 

generating the failure information based on the roW or 
column of memory cells determined to exhibit substan 
tial errors; and 

supplying a command to the memory device to cause said 
placing of the memory device in the standby mode. 

23. The method of claim 20, Wherein monitoring com 
prises monitoring the memory device to determine substan 
tial errors Which are errors that cannot be overcome by error 

correction techniques. 
24. An integrated circuit memory device, comprising: 
a. storing means for storing failure information included in 

an externally supplied command coupled to the address 
pins of the device, Wherein the failure information iden 
ti?es at least a roW or column of memory cells in the 
device that has a failure, Wherein the failure information 
is derived from monitoring the memory device during 
normal operation of a host computer system that uses the 
memory device; and 

b. comparing means for comparing during normal opera 
tion an address in an incoming address request With the 
failure information stored in the means for storing, said 
comparing means causing access to a redundant 
memory cell if the incoming address request matches the 
failure information. 

25. The device of claim 24, Wherein the storing means 
stores the failure information When a fuse pulse that is 
scanned across at least one fuse bank is also scanned across 
the address pins on the memory device. 

26. The device of claim 24, Wherein the storing means 
stores the failure address information during a time interval at 
poWer-up of the device. 

27. The device of claim 24, Wherein storing means stores 
the failure address information during a standby mode 
entered in response to receiving an externally supplied repair 
command. 

28. The device of claim 24, Wherein the storing means 
further stores information supplied to data lines of the device 
that identi?es at least one failing memory cell at an address 
corresponding to the failure information supplied to the 
address pin. 


